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ABSTRACT 

n t h i s  area there i s  c lose  s i m i l a r i t y  i n  p a t t e r n  o f :  con f i gu ra t i on  

o f  the dpland, s t r u c t u r e  o f  base o f  Cretaceous, and eros iona l  leve ls  o f  graded 

streams. Two a l t e r n a t i v e  causal connections are  l i k e l y :  ( 1 )  more recent steep- 

s ided va l l eys  are  inc ised i n  o l d  wide gent le  v a l l e y s  cu t  be fore  Middle Cretaceous 

t ime by the  same streams; (2) (prefer red)  the stream f l ow  system extends i t s  

e ros iona l  in f luence beneath the r i m ,  and the  i ns lop ing  sur face o f  the o l d  upland 

(capped by Cretaceous out1 i e r s )  sags toward the  inc ised streams because o f  ground- 

water sapping. An u n l i k e l y  t h i r d  p o s s i b i l i t y  i s  t h a t  streams f low i n  sync l ines 

folded a f t e r  development o f  the upland. 

In  order  t o  compare upland levels ,  bottomland leve ls ,  and Cretaceous 

s t r u c t u r e  (each having d i f f e r e n t  density o f  bas ic  in format ion)  the  "envelope" 

and "subenvelope" a r e  developed. These a re  a r b i t r a r i l y  general ized reproducib le  

contour maps. The envelope i s  a surface over the topography t h a t  g raph ica l l y  

" f i l l s  in "  va l l eys  and sags. I t  does no t  average topography but l i m i t s  i t  on 

the h i g h  side. I t  i s  here regarded as an attempt t o  res to re  the topography t o  

an hypo the t i ca l  e a r l i e r  stage before the va l l eys  were incised. The subenvelope 

i s  a surface passing beneath the  land surface, g raph ica l l y  ' ' tear ing  away'' h i l l s .  

I t  l i m i t s  topography on the low side. I t  may be regarded i n  t h i s  case as an 

at tempt  t o  p r e d i c t  topography tilai: may rieve:op if thc stream system ccntinues a 

long t ime a t  i t s  present grade. 

Pa ra l l e l i sm o f  contours developed by these techniques i s  cons is ten t  w i t h  

e i t h e r  ground-water sapping or a rejuvenated stream cyc le,  bu t  the 70 m i l l i o n  (or  

SO) years s ince  the upland was developed seems t o  be an excessive time f o r  the 

supposed new stream peneplain t o  be so l i t t l e  developed. 

sh ips cas ts  doubt on the  no t i on  t h a t  the r e l a t i v e l y  even Highland R i m  sur face i s  

This se t  o f  r e l a t i o n -  

a stream-developed peneplain. 
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DEVELOPMENT OF THE PHYSIOGRAPHY OF THE WESTERN 
HIGHLAND R I M  PLATEAU I N  TENNESSEE BY GROUND-WATER SAPPING 

OR REJUVENATED STREAM CYCLE 

Richard G. Stearns 

Department o f  Geology, Vanderbi 1 t Un ivers  i t y  

I NTRODUCT I ON 

This repo r t  describes se lected aspects o f  the geology and physiography 

o f  the  region, mainly by means o f  general ized contour maps, o r  "envelopes," 

and presents views as t o  the  o r i g i n  o f  i n t e r r e l a t e d  stream pat te rn ,  land 

shape, and geologic  features. 

Study o f  e ros iona l  physiography i s  genera l l y  unsa t i s fac to ry  t o  the h i s -  

t o r i c a l  geo log i s t  because eros ional  features commonly cannot be dated w i t h  

confidence. I n  t h i s  case, however, basal Cretaceous gravel  o u t l i e r s  a re  

sca t te red  across the  upland surface, so i t  can be s ta ted  w i t h  confidence t h a t  

the  upland sur face was eroded t o  about i t s  present form and probably was a 

r e l a t i v e l y  f l a t  sur face (peneplain) i n  pre-Upper Cretaceous t ime (Marcher 

and Stearns, 1962). The v a l l e y  

the  ev ident  g rea t  span o f  geolog 

Highland R i m  i s  a favorable case 

graphy and epei rogenic  s t r u c t u r a  

ottoms are  being eroded today. Because of 

c time (+7O m i l l i o n  years) the Western 

t o  study the  development o f  both physio- 

form. Here we can examine the  lengthy 

process o f  development o f  a peneplain by achievement o f  e q u i l i b r i u m  eros ion 

l eve l s  i n  the  modern stream system (base leve l i ng )  i n  the o r i g i n a l  sense o f  

Powell (1875, p. 203). Also, we can i n q u i r e  i n t o  the s t r u c t u r a l  bending o f  

the  o l d  sur face du r ing  the same time. 

The w r i t e r  wishes t o  acknowledge the  assistance o f  the Tennessee D i v i s i o n  

o f  Geology, the  Tennessee Va l ley  Aurhor i ty ,  and the Nat ional  Aeronautics and 
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Space Admin is t ra t ion.  I n  the e a r l y  stages o f  the p r o j e c t  the w r i t e r  was 

employed by the  Tennessee D i v i s i o n  o f  Geology and received technica l  

assistance from the  Tennessee Val ley Author i ty .  Later  stages o f  the work were 

supported by a grant from the Nat ional  Aeronautics and Space Admin is t ra t ion,  

as p a r t  o f  a cur ren t  p r o j e c t  o f  the Department o f  Geology a t  Vanderb i l t  

Un ivers i ty ,  t o  study the r e l a t i o n s h i p  o f  the Wells Creek cryptoexplos ive 

s t r u c t u r e  ( i n  the nor thern p a r t  o f  t h e  area) t o  the Highland R i m  sur face 

(NASA Grant NSG 465). Some o f  the conclusions were discussed w i t h  C. W .  

Wilson, J r . ,  o f  Vanderb i l t  Un ivers i ty ,  Melvin V. Marcher o f  the Ground- 

Water Branch, U. s. Geological Survey, and P h y l l i s  s. Marsh, Geologist,  o f  

Vanderb i l t  Un ivers i ty .  Robert A. M i l l e r ,  Senior Geologist,  Tennessee D i v i s i o n  

o f  Geology, e d i t e d  and designed the drawings. Robert J. Floyd, P r i n c i p a l  

Geologist ,  Tennessee D i v i s i o n  o f  Geology, e d i t e d  the manuscript. 

most o f  the area are  Miss iss ipp ian l imestones--mostly Forty 

i n  the south, and the next o v e r l y i n g  warsaw and Si. Louis L 

n o r t h  (Fig. 3 ) .  Stream eros ion has exposed Devonian, S i l u r  

format ions i n  some o f  the va l leys,  and i s o l a t e d  remnants o f  

GENERAL PhYS IOGRAPHY 

The Western Highland R i m  i s  the  upland physiographic province o f  Middle 

Tennessee located between the Central  Basin on the east and the Miss iss ipp i  

Embayment on the west (Figs. 1 and 2).  The sur face formations throughout 

Payne Format ion 

iiicstoncs tc the 

an, and Ordovician 

the Tuscaloosa 

Gravel o f  Cretaceous age cap p a r t  o f  the upland surface (Marcher and Stearns, 

1962). 

The Western Highland R i m  e x h i b i t s  many aspects o f  the c l a s s i c  stream 

eros ion  cyc le ,  but  two p r i n c i p a l  stages a r e  the basis f o r  t h i s  study. There 

i s  the o l d  upland surface, near ly  f l a t  i n  s k y l i n e  view, which can, f o r  purposes 
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o f  t h i s  paper and w i thout  c e r t a i n t y  as to  i t s  ac tua l  o r i g i n ,  be considered 

a "peneplain." Steep-sided va l l eys  have been inc ised as much as 400 fee t .  

Along main streams these sharp va 

which, for purposes o f  t h i s  paper 

peneplain. 

Figure 4 shows the  d i s t r i b u t  

leys have well-developed bottom lands, 

may be regarded as the  s t a r t  o f  a new 

on o f  upland and bottomland areas. I n  

the areas co lored b lack  the  upland sur face has been almost completely des- 

t royed by eros ion  and much o f  t h i s  area i s  f l o o d  p la in .  The wh i te  area i s  

mostly upland surface, because the slopes from the upland t o  the bottomland 

areas a r e  q u i t e  steep and occupy on ly  a small area. 

THE "ENVELOPE" METHOD OF COMPARISON 

Purpose o f  the  Envelope 

General ized contour maps, or l'envelopes," (Fig. 5) w i  1 1  be used i n  an 

attempt t o  recons t ruc t  the shape o f  the anc ient  upland surface, t o  p r e d i c t  

the shape o f  the new peneplain now being formed, and t o  suggest the  causal 

connection between the  eros ion pa t te rn  o f  graded streams and the configu- 

r a t i o n  o f  the  anc ient  upland surface. The ac tua l  upland sur face i s  w e l l  

approximated on a sca 

topographic maps. On 

emphasized and genera 

o f  c o n s i s t e n t l y  gener 

e o f  1/24,000 (2,000 fee t  t o  the inch) on published 

these maps, however, d e t a i l s  o f  contour pa t te rn  a re  

i t i e s  a re  masked. The "envelope" device i s  a means 

l i z i n g  se lected aspects o f  topographic contours. I t  

has the  advantage o f  consistency and r e p r o d u c i b i l i t y ,  and shows, i n  an 

eas i ly -seen general ized contour f o r m ,  features o f  the physiography t h a t  

o r d i n a r i l y  requ i re  e i t h e r  time-consuming t r a v e l  t o  many scenic vantage po in ts  

or nerve-wracking a t t e n t i o n  t o  a mass o f  d e t a i l  on many topographic maps. 

P roper t i es  o f  the  Envelope and Subenvelope 

An  envelope i s  defined by Websters Unabridged D ic t i ona ry  (1952) as "That 

which envelopes; Geometrical ly i t  i s  t he  locus o f  i n te rsec t i ons  o f  a fami ly  
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o f .  . . surfaces . . . tangent t o  each element; thus any curve (or surface) 

i s  the envelope o f  i t s  tangent 1 ines (or planes). ' '  For purposes o f  t h i s  

paper the  envelope i s  a sur face enveloping the  ac tua l  topography, touching 

(tangent t o )  the land sur face a t  h igh  spots, never passing below ground; 

near ly  everywhere a sho r t  d is tance i n  the a i r ,  and a greater  d is tance i n  

the a i r  across va l leys .  

I t  i s  essen t ia l ,  once the  above r e s t r i c t i o n s  are  observed, on l y  to 

spec i f y  how wide a low spot can be crossed w i thout  the  envelope i t s e l f  

lowering. The envelope must be described, f o r  example, as a 2,000-foot 

envelope, meaning t h a t  i t  can Iljump across" or " f i l l  in"  va l l eys  o r  low 

spots as wide as 2,000 fee t .  Other i n t e r v a l s  can be used. These l i m i t  

t he  complexity o f  contour l i n e s  whose sinuous curves must have a curve 

length  grea ter  than the  length  l i m i t  a r b i t r a r i l y  imposed. The topograph c 

envelope, therefore,  i s  an a r b i t r a r i l y  genera l ized contour map represent ng 

a sur face  smoother than the ac tua l  topography, g raph ica l l y  f i l l i n g  i n  the  

va l l eys  and sags. It i s  important t o  understand t h a t  i t  does no t  "average" 

topography bu t  1 i m i t s  topography on the "high s ide"  (Fig. 5a). 

The subenvelope i s  the reverse o f  the  envelope. I t  i s  tangent t o  v a l l e y  

bottoms and bottoms o f  l o w  spots. I t  i s  never i n  the  a i r .  In  va l l eys  i t  i s  

a t  or a sho r t  d is tance below ground level .  I t  i s  deep underground onjy where 

i t  crosses h i l l s .  I t  i s  again essent ia l  t o  spec i fy  how wide a h i l l  can be 

Ik rossed under" w i thout  the subenvelope sur face r i s i n g .  The topographic sub- 

envelope, there fore ,  i s  an a r b i t r a r i l y  general ized contour map represent ing 

a sur face  smoother than the actual  topography, g raph ica l l y  t ea r ing  away the  

h i l l s .  Again i t  i s  important t o  bear i n  mind t h a t  i t  does no t  average 

topography bu t  1 i m i t s  i t  on the "low s ide l '  (Fig. Sb). 

If we are  dea l ing  w i t h  peneplains, then the  envelope can be regarded as 

a ( p a r t i a l  a t  l eas t )  r e s t o r a t i o n  o f  the e a r l i e r  more complete peneplain o f  



the past; the subenvelope may be regarded inversely as a prediction of the 

approximate shape of the peneplain to be developed in the future if present 

conditions continue for a geologically long time. 

The subenvelope also may be regarded as an actual map of the erosional 

portion of that heretofore elusive and imaginary surface called "base level" 

(Powell, 1875; and Barrell, 1917), particularly when spacings are such that 

substantial flood plains control the pattern. Although it may strain the 

patience of some readers, it is well to add that the base level mentioned 

here i s  not the flat sea level base of  Davis (1902) but is the gradient- 

controlled and therefore sloping base level in its original physiographic 

definition, and in its operational definition from the viewpoint of the 

stratigrapher (e.g., Wheeler and Murray, 1957, who considered both inland 

erosion and coastal plain and marine deposition). 

Construct ion of an Envelope 

Figure 6 shows a portion o f  the Tennessee Valley Authority topographic 

map 30-SW, McEwen, Tennessee. The original solid contour lines are generalized 

to a 2,000-foot envelope, shown as heavy lines, by drawing the heavy lines tan- 

gent to the outcurving convex side of the contour line. Note that the envelope 

takes shape nicely with little opportunity for variation in trend of envelope 

contours, that is to say it is not interpretive. One must be careful at this 

stage, however, to mark outlying small hills for further reference, because 

when more generalized (longer spacing) envelopes are made from these, such 

outliers should control contour lines. 

In this manner an envelope or subenvelope for any isopleth map may be 

constructed. In this report the technique also will be used to construct 

generalized structure maps for direct comparison with topographic envelopes. 

TYPES OF MAPS TO BE COMPARED 

The configuration of upland, bottomland, and the base of the Cretaceous 
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w i l l  be compared. Upland i s  described by means o f  envelopes, bottomland by 

subenvelopes, and the Cretaceous base by s t r u c t u r e  contour maps. The problem 

i s  mainly one o f  manipulat ing the  ava i l ab le  in format ion so t h a t  the  var ious 

components can be compared a t  the same map scale and same degree o f  general- 

i z a t i o n  (spacing). 

Upland sur face con t ro l  po in ts  e a s i l y  can be obtained on a 2,000-foot 

spacing (as on Fig. 6) o r  even less. However, t h i s  d e t a i l  has no u t i l i t y  

f o r  comparison o f  the upland w i t h  the base o f  the  Cretaceous, because 

Cretaceous o u t l i e r s  average about 2 miles apar t .  The minimum spacing fo r  

envelopes the re fo re  must be 2 mi les  i f  they a re  t o  be compared w i t h  the  

Cretaceous s t ruc tu re .  

Bottomland maps on a 2 - n i l e  spacing must use as con t ro l  i n  most places 

the beds o f  small streams w i t h  no bottomland; these are  probably no t  a t  

grade. Streams w i t h  subs tan t i a l  f loodp la ins  ( the  ones most ap t  to  be a t  

grade) a re  spaced about 6 mi les apart.  

bottomland subenvelope, which shows the sur face tha t  i s  now being created 

by the  graded streams (eros ional  base leve l ) .  Upland and base o f  Cretaceous 

bo th  must be genera l ized t o  the 6-mile envelopes i f  any comparison w i t h  the  

bottomland 6-mile subenvelope i s  t o  be meaningful. Note here t h a t  the  

s t r u c t u r a l  contour map i s  converted t o  an envelope by a technique i d e n t i c a l  

t o  t h a t  shown on Fig. 6. 

These are the basis f o r  t he  6-mile 

A 10-mile envelope a l so  i s  drawn i n  an attempt t o  remve  a l l  e f f e c t s  

a t t r i b u t a b l e  t o  l oca l  stream patterns. I t  can on ly  show i r r e g u l a r i t i e s  

wider  than 10 miles. 

STRUCTURE, UPLAND, AND BOTTOMLAND C3MPARED ON A 2-MILE SPACING 

F igure  7a i s  a s t r u c t u r e  contour map on the  base o f  the  Cretaceous, which 

cons is t s  o f  o u t l i e r s  sca t te red  across the Highland R i m  surface. Control po in ts  

a r e  on an average spacing o f  2 miles. i t  can be seen t h a t  the  con f igu ra t i on  o f  

the  base o f  the Cretaceous (Fig. 73) i s  s i m i l a r  t o  t h a t  o f  the  o l d  upiand sur face 
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(Fig. 7b). The northward-trending contours t o  the  west a re  along the  edge o f  

t he  Miss iss ipp i  Embayment. 

cides w i t h  stream va l leys .  

depression t o  the  nor th ,  and the Duck River cu ts  across the  700-foot contour 

near the  center. 

The sinuous course o f  the  contours on the  R i m  co in-  

The Cumberland R iver  f l o w s  through the 6OO-foot 

Figure 7b i s  a general ized contour map o r  "envelope" showing conf igu-  

r a t i o n  o f  the  upland surface. 

smoothed so t h a t  i t  touches the  land surface a t  h igh  po in ts  no more than 2 

mi les  apar t ;  nowhere does i t  go below the  ground surface. Because the upland 

surface i s  near ly  f l a t ,  the envelope genera l ly  is not  m r e  than 20 fee t  i n  

the  a i r ,  except over va l l eys  where i t  i s  200 t o  400 f e e t  i n  the a i r .  The 

2-mi le  spacing was chosen so as t o  compare physiography w i t h  the  2-mile spac- 

i n g  of remnants o f  t he  Cretaceous. 

This p a r t i c u l a r  "envelope" describes a sur face 

Ac tua l l y ,  t h i s  envelope i s  a graphic " f i l l i n g - u p "  o f  a l l  va l l eys  less than 

2 mi les  wide, i n  an attempt t o  rcstcre the  c o n f i g u r a t i o n  o f  the  anc ient  upland 

surface. 

surface, n o t  the  va l leys .  

I r r e g u l a r i t i e s  on the map are t r u l y  i r r e g u l a r i t i e s  o f  the upland 

I t  i s  s i g n i f i c a n t  t o  observe tha t  the  envelope contour l i n e s  (which are  

genera l i za t ions  o f  more complex l i nes  on the ac tua l  upland surface), curve to  

f i t  t h e  p o s i t i o n s  o f  t he  main stream va l l eys ,  as on the  contour map o f  the  

base o f  the  Cretaceous (Fig. 7a). This r e l a t i o n s h i p  may be i n te rp re ted  i n  

th ree  ways: ( I )  present streams occupy narrow deep va l l eys  inc ised w i t h i n  

broad v a l l e y s  c u t  by anc ient  streams; (2) the  anc ient  upland sur face once had 

a d i f f e r e n t  shape bu t  has s ince  been t e c t o n i c a l l y  bent, and the  present main 

streams a re  consequent and f l o w  i n  post-Cretaceous sync1 ines ( u n l i k e l y  p a t t e r n  

as has been suggested by White, 1960 who worked w i t h  Devonian s t r u c t u r e  i n  the 

Waynesboro quadrangle i n  the  southeast p a r t  o f  the  R i m ) ;  and ( 3 )  the ( t e n t a t i v e l y  

p re fe r red  i n t e r p r e t a t i o n  i n  agreement w i t h  White, 1960, t h a t  the upland surface, 
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once flatter than it is now and covered with Cretaceous gravel, has sagged 

toward the main stream valleys because o f  subsurface sapping of soluble lime- 

stone by ground water to a greater degree along main stream valleys. 

Figure 7c is a "subenvelope" o f  the bottomland. In effect, it is the 

reverse o f  the upland 2-mile "envelope." The surface has been smoothed so 

that it touches the valley bottoms at low points no more than 2 miles apart; 

elsewhere, it is underground. 

This is a graphic "tearing away" o f  all hills less than 2 miles wide. 

It is an effort to predict the generalized shape of the future peneplain that 

might form i f  the smaller order streams keep widening their flood plains, and 

their tributaries continue eroding away the upland and grading it toward the 

main streams. This map is similar in pattern to the others, and suggests that 

even small streams that occupy steep v-shaped valleys may be close to grade. 

STRUCTURE, UPLAND, AND BOTTOMLAND COMPARED AT A 6-M I LE SPAC ING 

Figure 8a is a structure map of the base o f  the Cretaceous on a 6-mile 

spacing. Figure 8b is an upland "envelope" on a 6-mile spacing; that is, it 

touches the land surface at points no farther apart than 6 miles. Figure 8c 

is a bottomland g'subenvelope" on a 6-mile spacing. 

mation of the new land surface presentiy being made by ~'rr-eaiii erzlsion =f the 

larger streams with lowest gradients and significant bottomland areas. It 

is drawn at the smallest spacing that nearly everywhere uses flood plains as 

control. The similarity of all three maps is striking. 

It represents an approxi- 

On Figure 8a, structure of the Cretaceous base on a 6-mile spacing, the 

regional structural pattern is well displayed. If the stream valleys are 

structurally controlled, the map may be an overgeneralization. But if the 

old upland sags toward streams by ground-water sapping, the map i s  a valid 
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attempt t o  res to re  s t r u c t u r e  by a l low ing  f o r  sapping along b e l t s  narrower 

than 6 miles. 

courses, but  the  p a t t e r n  o f  bu lg ing  o f  the  Cretaceous as a p a r t  o f  t he  post -  

Cretaceous growth o f  the Nashv i l l e  Dome (Wilson and Stearns, 1962) i s  w e l l  

displayed. The southern p a r t  o f  the map i s  the  southwestern extens ion o f  

the Nashv i l l e  Dome. 

Some contour i r r e g u l a r i t y  s t i l l  shows along the  main stream 

The bottom and 6-mile 8'subenve10pe'' (Fig. 8c) i s  a general wormseye view 

o f  the  drainage basins and a l s o  perhaps an approximation o f  the  peneplain t h a t  

might develop i stream eros ion proceeded un in te r rqp ted  f o r  an extremely long 

t ime i n  the  absence o f  s i g n i f i c a n t  s t r u c t u r a l  movement. This i s  the  c loses t  

spacing t h a t  permits use near ly  everywhere o f  f l ood  p l a i n  l eve l s  o f  graded 

streams t o  descr ibe base-level. S i m i l a r i t y  o f  t h i s  map to the  6-mile upland 

map i s  cons is ten t  w i t h  the hypothesis t h a t  the  o l d  upland i s  a stream- 

developed peneplain w i t h  the  same streams trenched about 200 f e e t  t o  form 

the  new cycle. Here we have a new surface being formed w i t h  a shape very 

s i m i l a r  t o  t h a t  o f  an o l d  upland sur face o f  unknown o r i g i n .  I t i s ,  o f  course, 

a l s o  cons is ten t  w i t h  the  a l t e r n a t e  hypotheses o f  s t r u c t u r a l  con t ro l  or ground- 

water sapping. 

1 O-M I LE UPLAND i i ~ ~ ~ t L U ~ ~ ; i  

Figure  9 i s  an upland "envelope" on a 10-mile spacing. This was drawn 

t o  remove a l l  l i k e l y  stream coinc ident  (and o ther  smal l )  i r r e g u l a r i t i e s .  

This map shows the  epeirogenic s t r u c t u r a l  con f i gu ra t i on  o f  the upland sur face 

w i t h o u t  any i r r e g u l a r i t i e s  less than 10 mi les  wide. One major trough more 

than 10 mi les wide s t i l l  remains i n  the center  o f  the area, along the Duck 

R iver  v a l l e y .  This can be explained as being a very broad ancest ra l  Duck 

R iver ,  as a t r u e  wide s t r u c t u r a l  sync l ine,  or  as a broad subs id ia ry  b e l t  

caused by very broad subsurface sapping by ground water. 
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POSS I BLE EFFECT OF SUBSURFACE SAPPING 

By sub t rac t i ng  the  upland 2-mi l e  "envelope'' from ( t h a t  o f )  the  upland 

IO-mile "envelope," we ob ta in  the data t o  cons t ruc t  Fig. 10. This map 

l a r l y  may be i n te rp re ted  i n  three ways. I t  may be considered t o  represent 

p a t t e r n  o f  anc ient  va l l eys  on the  o l d  peneplain; t h a t  i s ,  gen t l y  s lop ing  

eys 2 to 6 mi les s ide  w i t h  a re1 i e f  of on l y  about 150 f e e t  (hypothesis 

supported by s i m i l a r i t y  of envelope and subenvelope). 

the  s t r u c t u r a l  features t h a t  c o n t r o l  stream pat te rns ;  some s t r u c t u r a l  g ra in  

i s  suggested, as the  east-west l i n e a t i o n  i n  the  southern p a r t  o f  the  area and 

the north-south g ra in  i n  the  c e n t r a l  p a r t  (hypothesis appears u n l i k e l y  because 

p a t t e r n  i s  mainly t h a t  o f  d e n d r i t i c  streams as suggested by White, 1960). The 

t h i r d  (be l ieved t o  be most l i k e l y )  p o s s i b i l i t y  i s  t h a t  t h i s  is an isopach map 

O r ,  the  map may suggest 

sapping. I t  would appear t h a t  mater ia l  

es wide on both sides o f  deeply inc ised 

sapping i s  about 100 fee t ,  The mater ia  

om beneath the sur face o f  the  Highland 

R i m  by s o l u t i o n  or suspension of sediments i n  underground streams t r i b u t a r y  t o  

the  sur face  streams. 

o f  t he  ma te r ia l  removed by ground-water 

has been sapped away i n  b e l t s  4 t o  5 m i  

streams, and t h a t  t he  average amount o f  

i s  be l ieved t o  have been c a r r i e d  away f 

J U S  C I IUUADV I I  n s b  I 

One bas ic  r e l a t i o n s h i p  i s  obvious f r o m  t h i s  study; there i s  a c lose  

s i m i l a r i t y  i n  p a t t e r n  o f  the conf igura t ion  o f  the  upland, the  base o f  the 

Cretaceous, and the  eros ional  tendency o f  graded streams. The main problem 

i s  t o  determine the  connection i n  the r e l a t i o n s h i p  between the  main streams 

and the  i ns lop ing  R i m  surface w i t h  i t s  sca t te red  Cretaceous gravels. 

Three p o s s i b i l i t i e s  a re  suggested: ( 1 )  t he  v a l l e y  systems themselves 

a r e  very  o ld ,  and the more recent steep-sided va l l eys  have been inc ised i n  
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old wide gentle valleys cut by the same streams; (2) (less likely) the streams 

flow in synclines folded after development of the upland, which once had a 

different shape; (3) (preferred) the stream flow system extends its erosional 

influence beneath the Rim, and the insloping surface along the valleys is 

largely the result of ground-water sapping. 

but has not been proved conclusively. 

The last a1 ternat ive is preferred 

Proof must await studies of rates of 

erosion in this region by both solution and mass wasting. 

Looking at this investigation and paper in retrospect, the writer is 

struck by the doubtful nature of the ultimate relationships in even th s 

rather ideal case. The historical geologist, in dealing with erosiona 

history, is concerned with a destructive process that leaves less and ess 

record. We are still left in doubt as to the actual origin of the upland 

surface. The writer also is aware that even though the equilibrium base- 

level of the erosional process in this region can be drawn, in 70 million 

years only a small percentage of this area actually has achieved this base 

level. Thus the writer is left in the sad plight of doubting the reality of 

stream-created peneplains, even though he used the concept as an operational 

device to create reproducible maps. 

These doubts are, however, not destructive to the preferred conclusion 

o f  rhis paper,  ihai  i s ,  b u b s u r f ~ c e  s ~ p ' j i f i g  ~f the i;i;!and by the st ream pat te rn .  

Rather, it casts doubt on the origin of the upland by stream erosion. This 

doubt serves to reinforce the writers' belief in the ground-water sapp'ing hy- 

pothes i s . ( , I  
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